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(54) Digital auto-phase-controlled retiming circuit 

(57) A digital auto-phase-controlled retiming circuit automatically locates the retiming clock phase in the centre of an input 
data eye pattern by detecting the phase difference between the retiming clock and data, and tracking the mutual phase 
variation. Tracking occurs when the mutual phase difference between data and retiming clock is uncertain and changes with 
time e.g. in digital transmission and/or digital signal processing systems. The circuit comprises a phase detector / retimer 
U1 , a loop processor U2 and a phase shifter U3. The phase detector/retimer U1 includes a gate (OR1 . Fig 2) for receiving 
input data, a gate (OR2, Fig 2) for receiving an input retiming clock and a flip flop (FF2, Fig 2) for producing a retimed data 
signal. 
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DIGITAL AOTO-PHASE CONTROLLED RETIMING CIRCUIT 



Represent invention relates « ,a ^'^T?^ 
IIoS 1 ?? .SSEL.11? Input data in the center position 

of input data eye pattern. 

without retiming error must be preceded above all . 
temperature and aging variations, etc. 

as the diaital auto-phase-controlled retiming circuit can be used 

L i "Tanjr^" conventi^lf ^111111^^ £ 
considered S ver? wide, but it is able to discuss on two 

following aspects . 

7 , rqt it is the case of retiming input data with a clock 
Fxrst, it is i.a« ^ diaital data transmission 

extracted from input data in a aign-aj. 

repeater . 

Tha received data are "^^^^a^X 1 transmission 

^"^Scc^a^MSiS;."^ '-Kh 01 ^ extracted 

clock, 

F or. recovering a olocj f« input ^ta c^only^used ^re^a 
wh 1 c n h 9 ar°e 1 cTassi£ied S ?nto 1 seU-ti n ,ed clocx extraction circuits. 

£o«over t£e signal oeuj time is fixed, so that the retiming 
cIccS phase ma/be irrelevant against temperature, aging and 
supplied power level variation. 



1 



A circuit which is retiming by detecting the phase difference 
between the recovered clock and input data (here, input data 
Sase means data transition moment with respect to clock phase 
End clock phase means the significant instant) and then shifting 
automatically the clock phase to the center of input data eye 
pattern, is utilize. 

Those examples are as follows? 'Automatic Timing Alignment for 
Reoenerative Repeater published in Electronics Letters, 
SSrS5!5o*24', 'An Unedelsea Fiber-Optic Regenerator Using an 
integrated Substrate Package and Flip-Chip SAW Mounting published 
in IEEE Jr. SAC, Vol.2,No.6', 'Novel Regenerator Having Simple 
Clock Extraction and Automatic Phase-Controlled Retiming Circuit 
published in Electronics Letters, Vol . 25 ,No . 1 ' . 

However, a Gilbert cell or varacter diode, etc. being used at 
this time, which are component of an analog phase shifter, has a 
disadvantage for supplied power level changes. 

Also it is not easy to handle the phase shift control signals. 
In addition they are bulky in iow frequency operation. 

A timing recovery circuit, which utilizes a PLL clock recovery 
circuS? g can be designed so that the significant instant of clock 
Is retiming automatically in the center of input data eye 
oattern. One example is 'Self -Correcting Clock Recovery Circuit 
SIS improved Jitter Performance published in Electronics 
Letters, Vol . 23 ,No . 2 ' . But since utilizing an analog loop fl ^ e * 
and voltage-coAtrolled-oscillator this circuit has defects that 
are bigge? in size and more complicated than the case of 
utilizing a SAW filter, etc. 

Second, SONET (synchronous optical network), switching and 
suSSriber systems are made up of many signal processing units 
and require data transmission between each unit. 

At this time, because the reference clock is provided from the 
center clock supply station, it is not necessary to extract 
c?ockf f rom inputdaL in each of signal processing units but to 
do re?imLg wi?h provided clocks in the center of input data eye 
pattern. 

As clocks and input data are transmitted to each unit through 
independent paths, it is difficult to know exactly their mutual 
phase relation between clock and data in each processing unit. 

in a case of retiming by shifting the clock phase with the use of 
devices having fixed signal delay, there are defects which not 
only adjust and measure the phase difference between data and 
clocks against each of signal processing units, but also can be 
retiming in inappropriate position against temperature, supplied 
power level changes and aging variation. 



2 



M another example, there •~ 0 «aj,£r*.US 1 T.«iS)* 

.?5& d "Jea a iUs 0 « SS fh.'pertormance ° £ communication 

frequency is necessary. 

The present invention aims to provide , . <^ ta * wh ch autoinatica ll y 

auto-phase-controlled retiming circu Qf input da 

locates the ^timing clock phase ^ " interference is minimum 
pattern wherein the effect of ^J^T b detecting the . phase 
and the tolerance °f noise is ^ximum^ y ^ tracking 

difference between f^lon in a case that the mutual 

adaptively the mutual P ha ^ a V "J a ^??mtng clock is uncertain and 
phase di«««3?- in digital "Sanlmission and/or digital 

changes according to time in 
signal processing systems. 

the p—t invention according provides . digits! aut.-phsse-controlled 
retiming circuit, comprising: 

>- i null for receiving input data signals 
a first logic sum <°*- as e anffor producing a first and a 

(DINDT) having controlled phase ana * 
second data signal; 

.«.«, fOR2. for receiving a input clock ana 

£oc •pSS2iiri e fS,'SS^°2i i" ««- 

a tirst D flio-flop (in) tor P™*- i^/^fng aTata "n P ut 
accorSing to said ^verted .«ond cl»=k end ^ ^ = £ 

terminal ""£t"Ind t cJolt terminal for receiving said 

i^ika^SrciSSi'^ said second logic sum gate ,002,, 

. second D ^r; 10 VcIoc* £ rnd P having"a SSTtn^" .^1 
according to said tirst clo " ^1 from said tirst logic sum gate 
fSLr^an^a'ctcirter.fnat receiving said tirst cloc* from 
said second logic sum gate (0R2), 
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\ f ""^elusive logic sum gate (EX0R1) for producina a first- 
output (S-2) and a inverted second cutout (S-lt *bv or!™ 
exclusively said retimed data signal of said first d Sim 
(FF1) ; and said firsc data signal of said f?rst log!? ^ 

a second exclusive logic sum gate ( EX0R2 ) for producina a rhtr-H 
output (S-4) and inverted fourth ouiput by S 

[HI]. and said second data s ^nal of said first logic sunT gat! 

r5-MT 8t hi 09 i? tt ^ m - me f?" f ° r P roducino a f^st phase state signal 
(U-CK) by electrically connecting said second output of said 

fifd s ^ni U I 1V ? l ?* Lc *™ ? ate (BX0R1) and said thiSd ou?put ol 
said second exclusive logic sum gate ( EX0R2 ) together; 

a second logic sum means for producing a second phase state 
signal^ (D-CK) by electrically connecting said first* output 0! 
said nrst exclusive logic sum gate (EX0R1) and said fourth 
output of said second exclusive logic sum gate ( EXOR 2 r^ogetSer ; 

a loop processor (U2) generating and then providing a control 

cSn t ™??!i (?SC) ' S h thdt thS Phase di «erenL between tall phase 
controlled input data ( DINDT) and an input clock (INCK) has 
proper phase relation making use of outout signals ( U-CK D-CIO 
of said nrst and second logic sum means*; and 

a phase shifter (U3) controlling the phase of said input data 
accor ding to s aid co ntrol sign al from said loop proceisSr ?5S? 

and' then providing the phase controlled input data (DINDT) into 
said first logic sum gate (0R1), 

wherein said input clock (INCK) is a retimina clock 

(RTCK) and the output of said second D flip-flop f FF2\ is 2 

retimed data signal (RTDT) . p { } 3 a 



Embodiments of the present invention will oow be described by way of example 
only with reference to the accompanying drawings, in which 

Fig.l is a construction diagram showing a digital auto-phase- 
controlled retiming circuit 0 f a first embodiment of the invention. 

Fig. 2 is a sample diagram showing a phase detector/retimer . 

Fig. 3 is a diagram showing timing waveforms in each part of Fig. 2 
when the phase of input data is located between the rising 
transition edge of a retiming clock and that of a inverted 
retiming clock. 

Fig. 4 is a diagram showing timing waveforms in each part of Fig. 2 
when the phase of input data is located between the rising 
transition edge of a inverted retiming clock and that of a 
retiming clock. 

Fig. 5 is a sample diagram showing a loop processor. 
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Fig. 6 is a sample diagram showing a phase shifter. 

Fig. 7 is a construction diagram showing a stabilized digital 
auto-phase-controlled retiming circuit of a second embodiment of the 
invention . 

A digital auto-phase-controlled retiming circuit of the invention 
is a negative feedback digital circuit which consists of a phase 
detector/retimer(Ul) , a loop processor(U2) and a phase shifter 
(U3), as shown in Fig.l. ^ 

A phase detector/retimer (Ul) detects the phase difference between 
the input clock(INCK) and the delayed input data(DINDT), and 
applies into a loop processor (U2) the state signals showing the 
phase of data leads or lags against the significant instant of 
clock(that is, the rising edge of retiming- clock) * 

At this time, the clock-typed state signals are applied into a 
loop processor(U2) , and the pulse-widths of this state signals 
are not smaller than those of retiming clocks -so that the circuit 
can be operated to the maximum usable speed*' ~ - 

Also, a phase detector/retimer(Ul) does .retime the delayed input 
data (DINDT) whose phase is. adaptively ".controlled by a phased 
shifter(U3)* ^ ^ .;■ ,r 

A loop processor (U2) generates and ^produces into ^ a -r phase 
shifter(U3) the control bus signal (PSC}," making use of phase 
state signals (U-CK, D-CK) applied from a phase 
detector/retimer (Ul) ♦ J- -i?^/' : - i r 

According to this control bus signal ;a phaie-shif ter(U3) controls 
the phase of input data (INDT) and produces delayed viinput data 
(DINDT) into a phase detector/retimer (Ul) ; • 

Fig -2 is a sample for explaining a phase detector/retimer (Ul) 
having a data (DINDT) and a clock input terminal (INCK), and 
state signal outputs (U-CK, D-CK), a retimed. data output (RTDT) 
and a retiming clock output (RTCK) • 

As shown in Fig* 2 a data input terminal (DINDT) is connected to 
the input of a logic sum gate(ORl), and outputs (ID) of the said 
logic sum gate(ORl) are connected to data input terminals- of D 
flip-flops, (FF1, FF2), and one input terminal of exclusive logic 
sum gates, (EX0R1) and (EX0R2) individually. 

A data output (Q-l) of said D flip-flop (FF1) is connected to one 
remaining input of said exclusive logic sum gate (EX0R1), and a 
data output (Q-2) of said D flip-flop (FF2) is connected to one 
remaining input of said exclusive logic sum gate (EX0R2). Also, 
this signal becomes the retimed output data (RTDT). 

A clock input signal (INCK) is applied to a logic sum gate (0R2) 
and simultaneously becomes a retiming clock output (RTCK). 

A inverting output (RTCK-F) of said logic sum gate (0R2) is 
connected to a clock input terminal of said D flip-flop (FF1), 



and also a remaining noninverting output (RTCK-T) of said logic 
sum gate (0R2) to a clock input terminal of said D flop- 
flop(FF2). 

A positive output (S-2) of said exclusive logic sum gate (EX0R1) 
is wired ORed with a negative output (S-3) of said exclusive 
logic sum gate ( EX0R2 ) , and becomes a down state signal output 
(D-CK). If wired ORing is not available, an logic sum gate can be 
used instead of wired ORing. 

Also, a negative output (S-i) of said exclusive logic sum gate 
(EX0R1) is wired ORed with a positive output (S-4) of said 
exclusive logic sum gate ( EX0R2 ) , and becomes a up state signal 
output (U-CK). If wired ORing is not available, a logic sum gate 
can be used instead of wired ORing. 

A said down state and up state signal output (D-CK, U-CK) become 
input signals of a loop processor (U2 ) . 

As the thing constructed like the above devices, first in a case 
that the phase of input data is located between the rising edge 
of a retiming clock ( RTCK-T) , and that of a inverted retiming 
clock (RTCK-F) , explaining for the operation in conjunction 
with waveforms described in Fig. 3 will be as follows. 

Every time when data transitions take place in input data (ID), a 
signal (S-2), which an output signal (Q-l) of D f lip-f lop(FFl) 
being operated by a inverted retiming clock (RTCK-F) and input 
data (ID) are exclusive ORed, becomes 1 during the time between 
the transition edge of input data and the rising edge of a 
inverted retiming clock (RTCK-F), but 0 in remaining time as 
shown in Fig. 3. 

A signal (S-l) is opposed to that. 

Also, every time when data transitions take place in input data 
(ID), a signal (S-4), which an output signal (Q-2) of D flip-flop 
(FF2) being operated by a retiming clock (RTCK-T) and input data 
(ID) are exclusive ORed, becomes 1 during the time between the 
transition edge of input data and the rising that of a retiming 
clock (RTCK-T), but 0 in remaining time. 

A signal (S-3) is opposed to that. 

Therefore, (U-CK) which (S-l) and (S-4) are ORed becomes always 
1, but (D-CK) which (S-2) and (S-3) are ORed becomes 0 during the 
half cycle every time when data transitions of data (ID) take 
place, then it is possible to know the phase state of input data 
against the significant instant of retiming clocks (RTCK-T). 

A case that the phase of input data is located between the rising 
edge of a inverted retiming clock (RTCK-F) and that of a retiming 
clock (RTCK-T) is also operated by the same principle, and in 
this case only the up state signal (U-CK) is activated. 
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The waveform diagrams at that time are shown in Fig. 4. 

In steady state the significant instant of a retiming clock 
(RTCK-T) will be located in the center of input data eye pattern, 
and produce correct retimed data. 

A loop processor (U2) does a function for removing the possibility 
of wrong operation due to the undesired signals such as noise and 
intersymbol interference related to input data, etc., and its 
example is described in Fig. 5. 

The inputs such as a up and down state signal, (U-CK D-CK) , are 
connected to clock inputs of N divide counters, (U4) and (U5), 
individually. 

An output (QU) of said divide counter(U4) is connected to one 
input of a logic sum gate(0R3) and the reset input of a SR flop- 
flop(FF3) . 

Also an output (QD) of said divide counter (U5) is connected to 
one remaining input of a logic sum gate(0R3) and the set input of 
said SR f lip-f lop( FF3 ) . 

An output (RST-1) of said logic sum gate (0R3) is connected to 
the reset inputs of said N divided counters (U4, U5) and a delay 
gate group (U7 ) . 

An output signal of said delay gate' group (U7 ) is connected to the 
clock input terminal of an up/down counter (U6). 

Also, the outputs (DCON), (UCON) of said SR f lip-f lop(FF3 ) are 
connected to direction control input terminals of an up/down 
counter (U6 ) . 

An output bus signal (PSC) of said up/down counter(U6) becomes 
control outputs to a phase shifter (U3) . 

As the thing having above construction, first, explaining for the 
case that only the up state signal (U-CK) is activated will be as 
follows , 

In initial state' a N divide counter (U5) holds continuously the 
reset state, that is, 0 value, but a N divide counter (U4) counts 
the clock number of the up state signal (U-CK) , and as the output 
(QU) becomes 1 at a moment when the value of the clock number 
exceeds N, it resets individual N divided counters, (U4, U5). 

As the output (QU) returns 0 after propagation delay time of N 
divide counter and logic sum gate(0R3), it produces clock pulses 
for operating an up/down counter (U6). 

Where a delay gate group(U7) plays a role for applying clock 
pulse after enough time so that outputs (DCON, UCON) of the SR 
flip-flop give effect to the U/D counter before clock pulse 
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arrival . 

In an opposite case it is also possible to be explained by the 
same principles. 

A reset signal (RST-2) of an up/down counter (U6) which can count 
from 0 to 2M prevents data loss due to a sudden counting value 
change from 0 to 2M, or vise versa, makes the up/down counter 
(U6) start from M when it monitors 0 or 2M control values. 

A phase shifter (U3) can be implemented in a several way, but its 
one example is described in Fig. 6. 

It consists of a 2M delay gate group (U9) with each having unit 
phase delay, and a 2M:1 multiplexer (U8 ) . 

The unit phase delay value, D, and up/down counter half address, 
M, should satisfy D*M > T. Here T is the time period. (i.e. 
inverse of operating frequency.) 

A digital auto-phase-controlled retiming circuit of the invention 
has the characteristics that the significant instant of retiming 
clock is located in the center of input data eye pattern. 

When it starts operation in a case that the significant instant 
of the retiming clock is located in the data transition, it 
happens to escape from it and goes to the steady state* 

So to speak, the significant instant of inverted retiming clock 
will be located in the data transition edge. 

As expressed more exactly, the significant instant of inverted 
retiming clock with respect to the data transition edge is 
located within the set up time and the hold time of D flip-flop 
used as the retiming device . 

In a case of constructing a retiming circuit for 155Mb/s data 
processing making use of a ECL logic device, the sum of set up 
time and hold time are about 0.5 nsec. Assuming that a gate whose 
unit propagation delay time is 1 nsec is utilized as a component 
of a gate delay group(U9), the significant instant of retiming 
clock fluctuates with deviation of about 0.5 nsec before and 
behind to the center of eye pattern of data. 

Thus the significant instant of the retiming clock is located in 
the center of the data eye pattern with 0.5 nsec deviation. 

The construction for removing this fluctuation and making it stay 
on the fixed center position in steady state is described in 
Fig. 7. 

The output of a phase shifter(U3) is applied into a phase 
detector/retimer(Ul) after passing through a delay gate group 
(U12), and the retimed output data from phase detector/retimer 
(Ul) is compared with two outputs of two D f lip-flops ( FF4 , FF5) 
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one of which is retiming the phase shifter(U3) output directly, 
tht other of which is retiming the output of a delay gate group 
31 ha vina the same signal delay as that of a delay gate group 
Sl2 Re?imed data ( RTDT ) and output of D Flip-f lop(FF6) are 
^Red^ exclusively such that it becomes 0, only when data 
transitions take place. 

If the same values continue above K times at each outputs of 
exclusive logic sum gates (EXOR3,EXOR4) , the output of a K divide 
nJnn^ia (X)lo) and (Ull) become 1, and these signals are applied 
f I ( input of a logic sum gate (0R3) in a loop processor 
S this ^elultrremovl the fluctuation of phase shift control 
bus^ignal (lie) . Also these output signals of K divide counters, 
(U10, UU) disable the counters to count any more until the reset 
input is applied. 

Other example construction of the invention illustrated in Fig 7 
comDrised wherein a stabilized circuit consists of delay circuits 
comprised wne fl (FF4)/ {FF5) , {FF6 ), exclusive logic 

(Ui^), l UXJ {' rL,,. ^ /vxnRA^ (EXOR51, logic sum gates (0R4), 
TXsi' at mR6 E Tdividf SouUersTl^ , (ull), and a logic sum 
^^'(OR?) } othSr than a phase detector/retimer (Ul), a phase 
shifter (U3), and a loop processor (U2) described above. 

The present invention constructed as above has following acting 
effects . 

1 The oroblems which static value of the phase difference 
between dockland data is uncertain when designing a retiming 
circuit have been completely solved. 

2 As retiming always in the center of input data eye pattern 

ss:^ Jirsss o°aku^ ssss-n-s e 

not retiming errors. 

1 Because circuit operation speed depends on only set up time 
and hold time of D f Sip-flop, a retiming device, it is possible 
to be used as a high speed retiming circuit. 

4 Because circuit construction consists of only digital devices, 

4. Be J aus J Q ^^ le tQ be manufactured with small customized 

semiconductors . 

5. The reproduction and reliability related to the mass 
production is excellent. 

fi act havina verv large jitter tolerance in a case of being used 
In serKs to a timing recovery circuit (that is, when used in a 
repea?erj, it is capable of maximizing maintenance section. 

7 When combined with conventional timing extraction circuit, the 
Input ntTer tolerance and jitter transfer function can be 
controlled independently. 
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CLAIMS. 

1. A digital auto-phase-controlled retiming circuit, comprising: 

a first logic sum gate (0R1) for receiving input data signals 
(DINDT) having controlled phase and for producing a first and a 
second data signal; 



a second logic sum gate (0*2) for receiving a input ^clock and 
for producing a first clock and a inverted second clock; 

a first D flip-flop (FF1) for producing retimed data signal 
according to said inverted' second clock and having a data input 
?erminal for receiving said first data signal from said first 
iSqTc sum gate (0R1) and a clock terminal for receiving said 
inverted second clock from said second logic sum gate (0R2); 

a second D flip-flop (FF2) for producing retimed data signal 
according" to said first clock and having a data input terminal 
° eiving a second data signal from said first logic : sum gate 
(0R1) and a clock terminal for receiving said first clock from 
said second logic sum gate (0R2); 

a first exclusive logic sum gate (EX0R1) for producing a first 
outDut (S-2) and a inverted second output (S-l) by ORing 
exclusively said retimed data signal of said first D flip-flop 
(Hi) and said first data signal of said first logic sum gate 
(0R1); 

a second exclusive logic sum gate (EX0R2) for producing a third 
output (S-4) and inverted fourth output (S-3) by ORing 
exclusively said retimed data signal of said second D flip-flop 
(Hi) Ind said second data signal of said first logic sum gate 
(0R1); 

a first logic sum means for producing a first phase state signal 
(U-CK) by electrically connecting said second output of said 
first exclusive logic sum gate (EX0R1) and said third output of 
said second exclusive logic sum gate (EX0R2) together; 

a second logic sum means for producing a second phase state 
signal (D-CK) by electrically connecting said first output of 
said first exclusive logic sum gate (EX0R1) and said fourth 
output of said second exclusive logic sum gate (EX0R2) together; 

a loop processor (U2) generating and then providing a control 
bus s!gna? (PSC) , so that the phase difference between said phase 
controlled input • data (DINDT) and an input clock ( INCK) has 
proper phase relation making use of output signals (U-CK, D CK) 
of said first and second logic sum means; and 

a phase shifter (U3) controlling the phase of said input data 
according to said control signal from said loop processor (U2) 
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and then providing the phase controlled input data (DINDT) into 
said first iogic^su^gate^ORl^ ^ 
(RTCK) and the output of said second D flip-flop (FF2) is a 
retimed data signal (RTDT) . 

2. A digital auto-phase-controlled retiming circuit according to 
claim 1, wherein said loop processor (02) copied 

a first and a second N divide counter (04, U5 ) with each n 
divide counter having a clock input terminal, 

a SR flip-flop (FF3), 

an up/down counter (06), 

a gate delay circuit (07)/ and 

: ^St^Y^lM^k^X ( « : CK 0-CK, is applied to 
each said clock input terminal, respectively, of said first and 

"^■SSt%»(^ D M*H"^c«,*« ,04, is applied 
to a first input terminal of said logic sum gate (0R3) and. a 

'"an ^t'iSSl 0 (QS, 8 ;f'iiE f i°SiiS , ioSS.r ,03, is applied 
to r second inpu? terminal of said logic sum gate (0B3) and a set 

inP an output slgna?*,^^! iS'ihSS logic sum gate (0K3 , is 
applied to reset inputs of said H divide counters (04, 05) and 

"^outpufsignafofUld'de^ gate circuit (07, is applied to 

' ^ulour^ignais' J&ShT^So STSSI5 JS'lii^lop (R3, are 
apptieS to lection control input terminals of said up/down 

C ° U sa!S up/dowTcounter (06, provides a control bus signal (PSC, 

7 , JZ'-* c hi ftpr rn3i and said up/down counter (U6) mciuaes 
TrltH ?errina51or r reseiting the coSnt of said up/down counter 
(U6) to M when said up/down counter's count is 0 or 2M. 

3 A digital auto-phase controlled retiming circuit according to 
ciatm 1 further comprising a first gate "rcuxt (012^ 

connected between said output terminal of said shifter (U3) and 
said input terminal of said first logic sum gate (0R1). 

•4. A digital auto-phase controlled retiming circuit according to 
claim 3 'further including a stabilizing circuit whxch cogrxsjd: 
a second gate delay circuit (U13) connected to said first gate 

^YtSiS"" -fourth and fifth D flip-flop (FF4, FF5 , FF6) with 
«rh «id D flio-flop having a D terminal for receiving an output 
?DIND?t of saia P phase shifter (03), an output of said «atedelay 
circuit ?5l3) and a retiming data signal (RTDT), respectively; 

slid third /fourth and fifth D flip-flop (FF4, FF5, FF6) with 
each having a clock terminal for receiving a retiming clock 

"T^hiT^fourth and fifth exclusive logic sum gate ( EX0R3 , 



11 



/ 
/ 



EX0R4 EX0R5) with each exclusive logic sum gate having a first 
and a second input terminal with each said first input terminal 
for receiving the output of said D flip-flops (FF4, FF5, FF6), 
respectively, and each said second input terminal for receiving a 
retiming data signal (RTDT); 

a fourth, fifth and sixth logic sum gate (0R4, 0R5, 0R6) with 
each logic sum gate having a first and a second input terminal 
with said first input terminal for receiving said retiming clock 
fRTCK), respectively, and with said second input terminal for 
receiving reverse outputs of said exclusive logic sum (EX0R3, 
EXOR4, EX0R5 ) , respectively;. 

a first and second K divide counter (U10, Ull) with each said 
counter having a reset terminal (R) for receiving reverse outputs 
of logic sum gates (0R4, 0R5), respectively, and each said 
counter having a clock input terminal for receiving a reverse 
output of said logic sum gate (0R6) and each said counter having 
an output terminal and with each output terminal connected to 
said respective clock input terminals of said first and said 
second K divide counter; and . 

a logic sum gate (0R7) connected to said output terminal of 
each said first and said second K divide counter (U10), (Ull), 

wherein an output of said logic sum gate (ORT ') is 
applied to an input terminal of said logic sum gate (0R3) pf loop 
processor (U2) . 

5 A digital auto-phase controlled. retiming circuit substantially 

as hereinbefore described with reference to Figures 1 to 6 or Figure 7. 
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